Aim: The present study was carried out to assess the wound healing, bone formation, and preservation after placing sodium carboxymethyl starch in mandibular extraction sockets.
INTRODUCTION
The alveolar bone is a complex and constantly changing tissue which is capable of self-repairing and adaptation to new loads. It consists of an outer layer of cortical bone, an inner cancellous bone, and alveolar bone proper. Together with the root, cementum, and the periodontal membrane, the alveolar bone constitutes the dental attachment apparatus. 1 Due to the presence of these dental elements, there will be pushing and pulling a stimulus, which allows the maintenance of bone shape and density (Wolff's law). 2 Pain, infection, bone loss, or fracture of the tooth are the most common reasons for the extraction of teeth. 3 Once the tooth is extracted, the alveolar bone that holds the tooth in place (the socket) is often damaged or undergoes a three-dimensional bone resorption. And the resorption is lifelong, irreversible, chronic, and cumulative. 4 Bone loss after tooth extraction shows marked osseous changes of the residual alveolar ridge which includes severe bone alterations both in height and in width.
These remodeling jeopardizes the prosthetic rehabilitation for three main reasons: firstly, the absence of adequate bone levels makes implant placement difficult; Secondly, esthetic problems in the fabrication of implantsupported restoration could be caused by serious bone reabsorption and delayed healing of bone. 5 However, it is possible to minimize such problems by simply carrying out socket preservation procedures in extraction sockets using bone graft materials. But the scarcity of adequate donor tissues, donor site morbidity, the risk of disease transmission, and other allergic reaction has triggered to search for new modalities of grafting to reduce bony resorption and to rehabilitate the missing tooth using implant by faster bone formation. The socket preservation is an indispensable procedure; the aim is to prevent bone loss following tooth extraction. Preservation is the maintenance of the socket, which is essentially the height and width of the gap that is left after the tooth is removed. It is done by placing a graft material or scaffold immediately into the socket of an extracted tooth to preserve bone height, width, and density.
Various materials are used in modern dental and maxillofacial surgery for bone tissue substitution and reconstruction, which includes autogenic, allogenic (freeze-dried bone allograft, demineralized freeze-dried bone allograft), xenogenic (Bio-oss-osteohealth, Shirley, NY), and synthetic (hydroxyapatite, tricalcium phosphate, calcium sulfate). Autogenous bone is still regarded as the gold standard due to its osteoinductive and osteoconductive properties. 6 Natural-or biologic-based materials are taken from biologic-based tissues which are the best source of later products. The advantages of natural-based materials are that they have significantly superior biocompatibility, biodegradability, regenerative characteristics, and also they have osteoinduction, osteoconduction, osteogenesis, and osteointegration than those of synthetic materials. 7 One such material is purified sodium carboxymethyl starch, which is a natural-based material, a polysaccharide, used for biomedical purpose as a hemostatic agent due to its properties which allow it not only to rapidly clot the blood but also faster bone regeneration by stabilizing and delivering the growth factors, and is also responsible for the growth of collagen and mesenchymal cells in the extraction socket.
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AIMS AND OBJECTIVES
To evaluate the efficacy of sodium carboxymethyl starch (HaemoCer ® ), a hemostatic material in mandibular sockets healing; clinical assessment of wound healing and radiograph assessment of bone formation and bone preservation are done following the placement of HaemoCer.
MATERIALS AND METHODS
Study Setting
The study was done on patients who visited the Department of Oral and Maxillofacial Surgery, Krishnadevaraya College of Dental Science and Hospital, Bengaluru, Karnataka, India.
Study Design
In this study, the sample size was 60 where 30 patients between age groups of 18 and 40 years both female and male requiring bilateral removal of mandibular teeth were taken. All the 30 patients received sodium carboxymethyl on one of the mandibular extraction sockets as test the group and other extraction socket was used as the control group where sodium carboxymethyl was not used. All patients were informed about the study and consent was taken for the same. Routine blood investigations were carried out. Preoperative orthopantomogram was taken. All patients underwent extraction of the teeth atraumatically under local anesthesia with adrenaline. The extraction site was randomly allotted as a test group and a control group. Antibiotics and analgesics were administered postoperatively. Patients were examined clinically for wound healing by assessing pain, swelling, and secondary infection on 3rd, 5th, and 7th postoperative days. And radiographic examination was done for bone density and preservation of bone on 3rd and 6th month postoperatively.
Material used
Sodium carboxymethyl starch (HaemoCer) is a polysaccharide hemostatic agent. It is chemically characterized as the sodium salt of the carboxymethyl ether of potato starch (as purified Na carboxymethyl starch). The material is able to absorb water up to 18 times its own weight (Fig. 1) .
MODE OF ACTION
It dehydrates quickly and achieves a high concentration of platelets, erythrocytes, and the factors of the coagulation. After this initial phase, sodium carboxymethyl starch forms a gel-like adhesive mass which serves as a preliminary mechanical barrier against further bleeding. During the subsequent healing phase, the starch particles of carboxymethyl are chemically dissolved completely, absorbed, and metabolized. This sodium carboxymethyl starch is nothing but polysaccharide which on fibroblastic stage of wound healing phase acts on stabilizing and cementing collagen fibers together. This then delivers the growth factors and is also responsible for the growth of mesenchymal cells which ultimately produce osteoblasts.
SURGICAL PROCEDURE
Standard scrubbing, painting, and draping procedures were done.
Preoperative orthopantomograph and intraoral extraction site shown in Figure 2 respectively.
• Administration of local anesthesia (2% lignocaine with 1:2,00,000 epinephrine) by classical inferior alveolar nerve block with lingual nerve block and long buccal nerve was given. Modified wards incision was done.
• Reflection of full thickness mucoperiosteal flap was done.
• Bone removal using bur technique with constant copious saline irrigation.
• Tooth delivery in toto or tooth division depending upon individual case.
• Debridement of socket with saline and povidone iodine irrigation.
• Same procedure was done on contralateral side (Fig. 3 ).
• For teeth other than third molar, regular extraction procedure was carried out.
• The test group sockets were filled with sodium carboxymethyl starch and control group did not receive anything (Fig. 4) . • Hemostasis was achieved on both extraction socket.
• Closure was done using 3.0 silk, simple interrupted sutures ( 
Statistical Analysis
The following methods of statistical analyses have been used in this study. The results were averaged for each parameter.
Descriptive Statistics
Gender distribution analysis was done on all the patients and the results are expressed in percentage (Table 1) .
Influence Test
The mean difference between test and control groups in order to determine the visual analog scale (VAS) score of pain, bone density, and bone preservation was done using Student's t-test. The mean difference of swelling between test and control groups was done by McNemar's test. The level of significance of p-value was fixed at 0.05.
RESULTS
The patients were clinically evaluated for wound healing under the following parameters: pain, swelling, and secondary infection. Secondly, bone density and
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• The patient was evaluated for pain every 4 hours after the procedure. The result showed that pain is equal in test and control groups in the 4th hour. Then, postoperatively in the 8th, 12th, 24th, and 36th hour, the pain is more in the test group than in the control group (Table 2 and Graph 1).
• Swelling was seen in both test and control groups postoperatively on the 3rd day (Table 3 and Graph 2). But postoperatively, on the 5th day, the swelling was more in the test group than in the control group (Table 4) . On the 7th day, the swelling was reduced in both test and control groups (Table 5 ).
• No secondary infection was present in any of the groups postoperatively, i.e., 3rd, 5th, or 7th day (Graph 3).
• In radiographic analysis, bone density was evaluated using gray value histogram in the 3rd month postoperatively; it showed equal amount of bone density in both test and control groups. However, in the 6th month postoperatively, the test group showed an increase in bone density compared with the control group (Table 6 and Graph 4). • Radiographic image taken postoperatively in the 3rd month to assess the bone preservation using Digimizer software shows a slight decrease of bone height in the test group when compared with control. And postoperatively in the 6th month, the bone height was slightly increased (Table 7 and Graph 5).
DISCUSSION
The study was conducted to evaluate the efficacy of sodium carboxymethyl starch as a hemostatic agent in extraction socket. The results obtained testify to the fact that this material has significantly superior bone forming ability, lesser postoperative complications, is a good hemostatic agent, and helps in socket preservation compared with the synthetic materials. Natural polymers have a wide range of applications in the medical field, e.g., drug delivery systems because they break down to form physiological metabolites. 9 Polysaccharides are nothing but carbohydrates which are ubiquitous biopolymers built up from monosaccharides, and 99% are located in plants. 10 Polysaccharides, in particular, have some excellent properties which make them the polymer group with There is abundant use of polysaccharides and their derivatives in the medicinal and pharmaceutical field. Alginate, amylase, glycogen, chitin, cellulose, and starch are the most common derivatives of polysaccharides. 10 Starch is the most important storage saccharide in plant cell. 10 This sodium carboxymethyl starch is basically a polysaccharide hemostatic agent and chemically characterized as the sodium salt of the carboxymethyl ether of potato starch. 13 Sodium carboxymethyl starch is used as hemostatic agent which allows it not only to rapidly clot the blood but also faster bone regeneration by stabilizing and delivering the growth factors, and is also responsible for the growth of collagen and mesenchymal cells in the extraction socket. It has wide applications in cardiovascular surgery for bleeding control of sternotomy edges in 37/40 patients. 14 Then, in ear, nose, and throat surgery, some authors applied as a hemostatic agent in several neck dissections, parotidectomy, tonsillectomy, and endoscopic sinus surgery. [15] [16] [17] Some authors have reported good results in laparoscopic prostatectomy, and persistent bleeding from neurovascular bundles was also stopped. 18 Military aspects and in battlefield the usability and results of this material are much better when compared with other agents. 8 Regarding the figures for the bone formation rate at 7 weeks, the authors found that polysaccharides seem to promote bone healing compared with control region.
Graph 4:
Comparison of mean bone density scores between test and control groups using Student's paired t-test
Graph 5:
Comparison of mean bone preservation scores between test and control groups using Student's paired t-test Even in the present study conducted, it shows an increase in the bone density; bone preservation promotes wound healing and hemostasis.
CONCLUSION
Sodium carboxymethyl starch has a capacity to increase the density of the bone during regeneration of extraction sockets which might promise us good quality of bone formation. Hence, sodium carboxymethyl can be recommended for extraction sockets which are planned for implant prosthesis. Further to this result, its ability to maintain the alveolar bone height is not positive; maybe due to its powder form, it is not able maintain the alveolar height. Mixing sodium carboxymethyl with other xenograft materials might prove beneficial in maintaining alveolar bone height. 16 However, further research in the material and a longer follow-up period may recommend this material in extraction sockets on a regular basis.
